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Naytsia fHortbunda, the Chyistmas Tree, 18 perhaps the nost
interesting memhber of the flora of Western Australia, It is eon-
fined to the South-Western division of the State, being fouund from
the Murchison River round to Ksperance. The tree finally reaches
the lieight of 50-135 feet, and frequently two or more trunks arise
togetlier. At Christmas {ime the tree is a brilhant blaze of vrange
flowers, which are Dorme on dense racemes at the ends ol the
branehes. The ummense development of flowers 1s all the morve
remarkable sinee go Few Tertile seeds develop.  Mauy trees do not
develop i single seed; others may develop a number—a very small
number in comparison with the tremendous number of {luwers—
but very few ol these are fertile. Whether fertile seeds will pro-
duce mature plants is a gnestion which will he discussed later in
this paper,

The failure of the tree to produce much seed may be the direet
result of the large production of blossom. .\ great deal of stored
food material is used up in the flowering period and i Nnytsia
where hiossom is so abundant the resouvces ave too mueh depleted
to provide enongh food waterial for the maturing of the fruits.
This is borne ont by the eondition of the mucilage 1n the plant
before and after flowering, Before flowering the muecilage canals
are full of a milky fluid 1 such aquantity that quite a large wnount
is exuded when a root ov braueh is broken or cut.  This rapidly
coagulates and blackens on exposure to air. It is very palatable
to some animals, especially pigs. whieh voot up the roots for yards
if thev are close te the surface. Dnring the fowering period it
dem:'ea'ses rapidly in amonnt aud loses its milkiness, nutil at the
period when the ftree should bhe frmting the exudation from a
broken root or branch 1s almost nil,

That this nou-production of fruit is probably due to the large
amount of blossom formed is also borne out by the fact that the
same phenomenon oceurs in the ease of cultivated trees, such as
th- ~pple and the pear. Very frequently Sueh.trees have a tre-
mend~us development of hlossom which results i hardly a single
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fruit. Thinning out of the blossoms results in the production of
a good yield of fruits for two rveasons—tirstly vhere are fewer
bruits 1o Be supphed with food material, and secondly o great
deal of cnergy has heen saved by the loss of the thinned-out
blogsoms.

STRUCTURI.

On  digeing  down it 15 found that long underground
stems  run out  Irom the Christmas T'ree, sometimes for
great dishanees (one at Como was traced for 120 vards), and
aiving oll acrial branches having the appearance ol trees at in-
tervals along their length.  Small planis, which miecht he (aken
for seedlings, ave frequently found in belts of country where the
Christmas Tree is conmmon and almost invariably these are fonnd
to be suckers Prom this long stem.  The produetion ol suckers
explaing why Nuytsia ix so common hroughout the South-West in
spite of its extremely small prodoction of fertile seeds.

The wrowth of the stem is peculiar both wicroscopically and
macroscopieally, the sccond peculiarvity following from the f(irst.
A very noticeable charvacter is ihe extreme hrittleness ol the
branches and roots, quite thick wmembers suapping under guite a
small pressnre. This is not ihe case with thie yvoung {wigs of one
vear’s growlh. Tt only takes place after secondary growth, and
the explanation lies in the unnsnal and remarkable method of
secondary evowth ol the tree. This is similar in hoth stem and
root, when allowanee lias been made Tor theie difference in primary
structure.

Im transverse section the young stem is quite normal. (Fig.

1. (A))

The central zone of pith is  surrounded by the vas-
cular bundles and these @zam by the cortex. In the mnormal
dicotyledonons stem the cantbium between the xylem and phloem
clements divides forming xyvlem elements on the inner side and
phlocm elements on tlie onter side.  In this wav a eylinder of
wood surrounded by phloem and cortex is produced. In the
Christmas Tree the mode ol growth is ot fivst normal. There is a
meristematic layer between wood and phloem  of  the primary
bundles and this divides until they have reached a cevtain size,
when it loses its function and a new ecambium s formed in the
thin-walled cells of {the inner cortex,  This cambium is not con-
tinuous ronnd the stem but oceurs in palehes several cells in width.
The cortex 13 divided into {wo fairly delinite lavers, the cells of
the inner layer heing thinmer-walled and its cells smaller and.
more compact than those of the outer. When the new eambinm
t= Tormed, several of these eells start to divide at different points
ronnd the stermn formine typieal cambimm cells,



A. Young stem.

B. Old stem showing three rings of bundles.

C. Medullary Ray.

a, xylem; b, phloem; ¢, eambiwm; d, pith; e, inner cortex; f, outer
cortex; g, interrupted medullary ray; h, mucilage canal; i, pore;
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A. Cambiup formed from thin walled cells of inner
cortex,

B. Later stage in development of the bundle. Xylem
and phloem clements have been formed from the
cambium.

a, xylem; b, phloeni; ¢, ecambium; dd, inner cortex;
e, medullary ray.



Bundle, medullary rays and mueilage canal,
a, xylem; b, ¢, phloem; d, cells of inmer cortex; e, medullary ray;
f, mucilage canal showing proteid bodies in the mucilage.
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By repeated division phloem cells are cut off from these
dividing cells on the outer side and xvlem on the inner side
(Fig. 2B). This eambimn continues to grow to a certain stage
when it, too, loses its power of further division and another set
of new cambiums is formed out in the inner cortex in a similar
manner to that deseribed above. This is vepeated continually so
that suceessive rines of vascular bundles separated by thin-walled
cortical tissue are produced (Fie. 1B).

Short wednllary ravs ynn hetween the collateral bundles but
fhese are only the length of {he sylem and rarvely any longer.
They do not vun through the cortieal tissue and conneet with the
wmedullary rays of the next ving. The walls of the medullary rays
are pitted (Fiz. 1C). Pits are often found in the walls of the
cortical and the pith cells as well as in the medullary rays. Vis-
cum, another member of the familv, also has cortical cells with
pitted walls throngh which theve is protoplasmic connection be-
tween adjacent cells.

Mucilage canals traverse stems, roots, and leaves. They are
formed by hreaking down of long rvows of cells. In the voung:
stem there is one canal n the pith.  As the stem grows older more
of these appear in the pith and in the inner cortex. When new
layers of' ecambinm are formed in the covtex these are always out-
side the mucilage eanals so that canals are found in the cortieal
tissue between ihe suecessive rows of bundles. A eanal less
definite in structure runs along the posterior side of the bundle

of the leaf,

This pecaliarity 1 the internal structure of the stem is also
responsible  for the strange macroscopic  appearance of fhe
Cliristmas 1Tree

The young hranch is at first uprieht, but as it increases in
thickness 1t takes on a downward cmrve until the angle becoines
foo steep, when 1t ceases growth and another braneh further back
takes it place and continues the growth until it, {oo, beeomes too
steeply curved, when another branch takes its place. The portion
of the branch below the end and the new main hranch generally
dies hack. This strange mode of erowth is responsible for the
charvactersiic rugged appearance of Nuyisia. No such curvaiure
15 found before secondary erowth has taken place and cnrvature
15 not dne 1o a more rapidl growih on the upper side of the stem.
Branches of three or four vears’ growth hecanse of their pecubiar
uitermal strueture are very easilv benl under comparatively light
pressure, and the weight of the leaves and blossoms (that of the
latter bemg very comsiderable) causes the gradual downward cur-
vature,

The secondarv orowth of the root is of essentfially the same
character as that of the stem, thougeh differing a little because of
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the normal structaral ditference of stem and root.  like the voune
stexn, the young voot is normal in structnre (Fie, 5) and may he
diarch or trinvel.

3
o
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o
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Christinas Tree, showing downward bending in the branches.

Here again the eambium between wood and phloem divides to
a certain extent forming sccondary eclements, but soon loses 1ts
funetion, and new patches of cambuum are developed out in the
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muer cortex. The xylem of the elements formed from these second
cambiuns  conneefs with the central xviem strauds {(which consist

Young root of Christmas Tree,
d

, xylem; b, phloem; ¢, cortex.

of the primary and a certain amoeunt ol secondary wood) so that
the protoxylems are swrrounded by later formed wood clements
(g, 6).

When this sccond riug of eambivim patebes has divided to a
certain extent it ceases to divide and another new ecambinm is
formed outside n the inner cortex. The bundles formed from this
are not connected with the previous year's bundles, hat are separ-
ated, as In the stem, hy a layer ol cortical tissue.  All further
crowth in thickuess after this is similar to that in the stem. The
result of this method of growth is that the old root shares the
stem’s characieristic of brittleness.  Mueilage eanals and inter-
rupted mednllary rays occur here as in the stem.

PARASITISM.

Nuytsia florthunda is  the sole representative of its genus.
It is classified systematically with the Lorvanthaceae,* and on ac-
count of this its autonomy has long been questioned, though no
defintte evidence was bronght forward.

*Bea end of paper, p. B8,



01d root of Christmas Treec.

_a, position of primary xylem (sec Fig. 3); b, protoxylem; ¢, second-
ary wood added to primary xylews by a eertain amouut of division of
the cambinmn; ¢, secondary xylem formed from cambium formed from
inner cortex; d, phloem; e, selerenchymatous strand external to primary
phloems; f, f/, iuner cortex; g, outer cortex; I, medullary ray; i, muei-
lage eaual; k, cork; 1, bundles tormed by the seccond cambiums formed
in the onter cortex.
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The tree is frequently in places where pavasttism would seem
unlikely.  Dr. Diels, on finding it growing on harren and healthy
sand-seruly, the solitary tree for miles round, eonsidered it a far-
fetehed assnmption that the tree wonld dvaw on the dwarl bushes
at its base for nourishment, and concluded “Till some connter
evidence is produced we nmst adhere to the autonomy of Nnytsia
floribanda, ™’

My, W, Webh, of King George’s Sound, furmshed some notes
ot Nuytsia Horibunda in response o some (nestions asked by
Paron von Mueller and these were pnblished m the Victorian Field
Naturalist in 1394, They ave briel and may be given in full:—

We ean find thousgands of what at lrst sieght appear to
be seedlings but on tracing the roots we always find them
erowing from the roofst of parent trees, and therefore we
think these supposed seedlings are notling more or less
than suckers. Up to the present we have not heen able to
find the roots attached to anythiug; they shoot in all divee-
tions and tor great distances but never penetrate the soil
deeply, hnt are always found some few inches helow the
surface. In this mauner they may and probably do receive
their sustenaee from decaying vegetahle matier, such as the
roots of numcerous species ob shrubs amongst whieh Nuyvtsia
usually grows.  As this plant has a pretty wide range in
West Anstraha, would it he worth while {o ascertain what
trees and shrubs occur in every loeality where Nuyvtsia is
formd?  So Tar as my menmory serves me, 1 Peel eertain that
a greal differenee will he fonnd in the species of plant life
at ditferent places. My own opinion is that Nuytsia is an
independent tree aud i rvegnives certain conditions in the
sott which can only be given to it by eertain other species
of plants. However, 1 Lave nothing to advance in proof of
thie above exceept that T have never found the roots attached
to the voots of auy other plants,

Harvey (Ilooker's Journal of Botany N, 219) thoneht it
highly probable that there was connection belween the roots but
conld offer no prool. Dr. Morrison appuarently made some investi-
aations according to a reference by Diels. but | have been wnable to
find a record of his work. In the Western Australian Year Boolk,
1902-1904, however, he refers to Nuyisia floribunda as ““a non-
parasitic tree of the Mistletoe family.”’ 1L would appear, there-
fore, that authorities np to the present, while suspecting the para-
sitie nature of the plant, have had to adinit the abgence of defimte
proof, and in some cases they have linally coneluded that the
Christmas Tree is independent.

T The roots referred to are reaily stems, D.A.H.




Pigs, 7 and 9.

Figure 7.-—Commencement of attack on Christmas Tree yoot ou root of
Jacksonia furcellata, showing the two fleshy arms commencing to
stirromed the root.

Figure 9.—Haustoriogen on a larger voot (Melaleuea viminen). Part
of the root has broken off, giving the haustoriogen the appearvance
of heing the end ot the small root.
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There is nothiug in the appearance of the tree to suggest a
parasitic mode of nutrtion. The leaves seem quite ecapable of
supplying the organie food material necessary, as they are not
deficient in ehlorophyll, while the roots appear nite capable of
supplying the mineral constituents necessary.

tools are wiven off from the long undereround stems and
when they are traced out they arve found to branch vepeatedly,
finally griving rise to long white fleshy roots up to ahout a quarter
of an ineh in dizmeter, and trom these brauch smaller white and
very fragile roots. 1t is probably on account of the extremely
fragile nature of these roots that the parasitic natuve of the
Christmas Tree has not aetually heen discovered previously, When
they come into contaet with another root, a fleshy ontgrowth starts
to develop.  Two whife fleshy arms start to grow vound the
atfacked root in opposite directions from the point of contact
(Ig. 7).

Ultimately the two arms meet oun the other side of the root

and fuse so that an unbroken fleshy ring encircles the host (Figs.
8 and 9).

Haustoriogen on young root of Iibbertia hypericoides.

On the tuer side of this fleshy ring, at the points of contact,
arse the haustoria or suckers, so that it may for eonvenience be
called the haunstoriogen (Fig. 10). The haustoria are formed on
the inner side of the lleshy arwms before the rine is complete. The
haustortogen in scction is found to eontain a very small vaseular
bundle, which goes right vound; but the greater part of it is com-
posed of simple parenchymatous tissue. The haustoria are small
tongue-like masses ot pavenchymatons tissue, and when they pierce



S84

the cortex of  the lost plant thev appear to derive all‘ food
materials thev obtain [rvow it by simple osmosis.  There 18 no
tnsion of the cells of host and parasite,  The haustoria never go
in as 'ar as the wood. The wood is the chanuel of {ransference of
water containing the organie constituents of plant life and the
cortex and hast (he means of transference of elaborated mtro-
genous and non-nitrogenons oreanie food materials., The conclu-
:sion is that the main ohject ot the parasitisin of Nuvisia is to
obtain an additional supply of organic materials, inelnding nitro-
genonus substances,

| Fig. 10,

Transverse section of haustoriogen attacking a root of Hibbertia
hypericoides.
a, wood of host; b, cortex of host root; ¢, errtex of bavabaaneen
d, haustorivm in early stages of attack; ¢, haustorium in complete contact
with cortical cells of host voot; f, indications of vascular bundle of the
haustoriogen; g, purt of vaseular bundle entering haustoriogen; h, cor-
tex of root from which the haustoriogen has arisen,

In contrast to this is Nuvisia’s elose relation, Loranthng ile
Astletoe. Tlere we have a plant parasitic for water and salts and
(quite well able to provide all the orgamec food materials it needs.



85

In this case there is vascular connection beiween host and parasite,
It has heen said that the Mistletoe may be more symbiotie than
parasitiec wheu it is on deciduons trees because it is evergreen and
assimilutes carbon dioxide in thie winter when the host tree is
leafless. The greatly deercased froit crop iu attacked apple trees
proves that any symbiosis is ereatly outweighed hy the parasitism
of the mistletoe, A more complete state ol parasitisin is shown
hy Cassytha, the Bush Dodder, which is eonmion thronghout Aus-
tralin, This is o twining plant with 2reen leafless stems.  From
the point of contact of its stem with the Thost arise hanstoria,
Here again there is vasceular councelion between host and parasite,
the woods and phloems of each uniting, Cassytha is parasitie for
both organic food naterials and {ranspivation water contaming
inorganic salts.  Doth the Mistletoe ad Bush Dodder are aerial
parasites. The natural order Rlinanthaceae is notoriouns for the
number of root parasites mmongst its members.  These, like Nuyt-
sia, appear to have qnite enough leaves to snpply all the organie
material necessary, but nevertheless need rvoot conneetion to en-
able them to reach maturity, Their root system connects with
that of the host root hy means of dise-shaped haustoria.  The
fleshy ring eiving vise {o haustoria, as onnd in the Christmas Tree,
is unicue.  The seeds of Ovobanche, the Broomrape, another exotie
root parasite, will only germnnate when in contact with the roots
of a host plant. ''ns is certainly not the case with Nnytsia, the
seeds of which will germinate out of contact with any host root.

Seedlings are very rare and generally die off young.  The
survivors owe their shecess to having obtained connection with a
host root ecarly, while early death is often due to the tathwe of
the root to find a host and the failure of the leaves to provide all
the organic Tood materials neeessary.  One scedhug at Mount
Lawlev wuas found to he drawing on the stem of the couch grass
(Cynodon dactylon). This is interesting becanse 1t goes to show
that the parasitic attacks of Nuvtsia are vot binited to reots,
Seedlings may readily he distingmshed from snekers by fheir
stems, leaves, wl rate of growth. The sucker appears above the
around as a stem abont a quarter of an meh thick and zrows
rapidly so that in a year it is about four (4) feet high. s pale
leaves are few and sparsely scattered. A seedlimg, on the other
hand, has a mueh thinner stem move closely beset witl leaves,
which are a hrighter gveen than those of the sucker. One wonld
expect the scedling to have wmore leaves and for these to contin
more chlovophyll beeause 1t s more dependent on 1ts own resonrees
than 1s the sucker which has the reserve food material of the
parent underground slem to draw ou. The growth ol the seedling
is also mueh slower, a year-old scedling heing seveval wmehes oaly
in height and this is atiributable to the same canse.  Nmunerous
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attempts to raise seedlings of the Christmas Tree liave been made
but up to the present all have failed. The nature of the vara-
sitisin of the tree suggests a method of raising it sueeessitlly —
the planting of the seed in a spot where itz roots whent formed
will have easy access to the young roots of a plant which has heen
proved to be a host.

The haustoriogen 1s not the end of the Christias Tree tool.
It 1s a lateral growth. The root continues to pusl, its vay through
the soil to look for frvesh vietims, If it comes inco contact with a
large root it may ruu along the large host givine rise to a number
of these parasitic owtarowths, Where the Hoshiy rine is dey eloped
ronnd a root it grows m size but not in internal diameter, so that
as the host rvoot itself grows the hanstoriogon acts sz n hgatnre
and gradually strangles it. 1t is a commoen thing to dnd a host
root ending abruptly in the Heshy haustoriowen ol the Christmas
Tree, because the lower part, being strangled and starved, has died
and rotted wway. Sometimes a root attemprs 1o ward off the
attacks ol the Nuytsia root by the developnwent of cork and in
some cases 1s suecessful in preventing the enfryv of the hanstoria,
It, however, the root 18 a small oue, the haustorioven rinz may he
formed just the same even thoueh the haustorin eannot gain en-
trance, and the voot s strangled by the haature m time,

In its ehotce of hosts Nuvtsia is very cosmopolitan, [t attacks
herbs, shrubs, and trees impartially.  Exoties and vatives, annuals,
blenuiais aud peremials, monocotvledons aued dicotvledons are
treated alike, 1 have Tonnd it attacking geranivas, roses, corrols,
broad heans, black nightshade, sorrel (Rumex acetosella), couch
arass, the so-called tree lucerne (Cytisus prolifera var. alba), vines,
oranges, Hibbertia  hyvpericoides, Ranksia attenuata, Bauksia
Menziesii, Stirlingia latifolia, Melaleuea hoegelii, Melalenea
viminea, Conostephim pendulum, Jacksonia furcellata, Calythrix
lavescens, and Acacia pulehella.  Fucther searel will probably
reveal it on a great wmany more specics, Somelimes in its search-
ings for a host the Christmas Tree root comes into contact with
another Christinas Tree root and attacks it in the same way that
it wonld au ordinary root, but this is rvave. [t is analagous with
the self-attack frequently noticed in sueh elimbing parasites as
Cassytha, the Bush Dodder, which nearly always recoils on and
parasitises itsell’ at some pomt or other. Very often the attack
ot the Christmas Tree is so stremuous that the host plant is stavrved
and killed, m which case the fragile root whieh has eiven rise to
the hanstoriogen shrivels away, leaving the tleshy haustoriogen
attaehed to the dead host rool with hardly any sign ol ever having
had any connection. It looks at first sight like a fungal body, hnt
a seetion shows 1ts true nature by revealing the vasenlar tissue
and the haustoria.
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The haustoriogens are formed aloug the whole length of the
underground stems and this accounts fov their lone life i the
soll when the aevial parts have heen vemoved,  They e¢an obtain
all the organic and inoruanie food materials they need withoat
agsistanee of aerial shoots. Sometimes this nndergronnd stem ean
he traced along by the line of dead, dving, and weakened plants.
In other cases the attack seems to canse the host plants very little
ineonvenience.  The nmmber of the roots affected is, of course, the
deciding tacior as to whether the plaut will suifer or not.  Some-
times nearly every root is surrounded by the haustoriogens of
Nuvtsia, At Como this s the ease with banksias, ti-trees (Mela-
lenea vinanea), and numervons other plants, both  shrubs and
herbs, many of which have heen killed,

Fig, 11,

s s+
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Carrots attacked by the hanstoriogen of
Nuytsia,
A, appnearance ol attacked carrot.
B, vertical section of same showing lLigature
effeet of haustoriogen. h, the haustorio-
oen,

The rapidity of wrowth of the haustoriogen was shown in the
case of the attack on some carrots at Como. These when only
half-grown started to die off and on diggine down 1t was found
that the roots were swrrounded by well-developed haustoriogens
over half an inch mm diameter (1%, 11). The rapidity of develop-
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ment of these coupled with the large number prodonced along the
length of the underground stems shows {hat Nuytsia 1s able to
obtain a large amount of food materials from annuals and other
smatl plants when growing as the solitary {ree in a pastore.

Dr. Diels” 1s inelined to regard Novtsia as being distinel from
the Loranthacew and rather helonging to the eommon family from
which both the Loranthacewe aund DProteacexe have sprung.  He
sumunarises his objections as follows:—

I (Nuytsia) cannot truly be sawd {o helong to the real
Loranthacex beeanse of ils fruif, and its habits remind one
more of the Grevitleoidie,

The difference of froit does not seem suffieient reason for separat-
mg 1t from the family to which 1t 1s assigued, ereater differences
of fruit bemg shown in other tamilies and which are recarded as
aeneric and not ordinal.  The flower 1s six-partite (the typieal
Proteace have four (4) pevianth segments), and is that of a
Loranthus: in faet Labillardiere called the tree Loranthns
floribundns.

With regarvd to habit, this is typically Loranthaceous in many
points.  Parasitisin s charvacteristic of the fanuly, and the dis-
covery ol this adds another link between Nuytsia and the other
metnhers.  The leaves are very similar in theiv form and (leshiness,
and the twigs ol the Clwistmas Teee are very similar to that of
Loranthus celastroides in appeirance.

The enderground stem may be cowpared with a similar stroe-
ture 1 the mistletoe.  The best investigated gpecies of wistletoe
1= Viseum album, a Foropean plant. The seeds zerminate on a
host plant; a sueker penetrates uto the cortical tissues and bast
and tlien stops. Sobsequent growth of the branch resnlts m the
embedding of this sucker in the later-formed wood so that it ap-
pears fo have pierced the wood,  Lateral roots arve given ollf and
run along the cortex in both diveetions. Al intervals along this
cortical rool arise aervial shoots: from the other side more sinkers
wvo i as [ar as the wood, and further evowth resnlts i thete being
mbedded 11 the host wood alse.  This cortieal root is analagons
with the Tong nuderground stem of Nuytsia and shows similarity
i habit of’ the two plants, when allowanee has heen made fov the
faet that Nuytsia is a terrestrial voot parasite and that the mistle-
toe 18 parasitic on hranches only.,  The conelusion is, therefove,
that the stroeture and habits of the Christmas Tree are in accord-
ance with its svstematie plaeing in the Loranthaces.

* Pflanzenvelt von W_A, 1006,



